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Electrical Characterization & Stress
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Introduction
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Degradation Mechanisms:

1) Hot Electrons

2) Contact Degradation
3) Inverse Piezoelectric Effect
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Stress Conditions (DC)
« AFRL AlGaN/GaN HEMTs with Ni/Au gate on SiC

* (.14 um gate step-stressed from -10 V to -42 Vin -1 V step
(Vps= OV).

* Temperature of device regulated by heated chuck
(25° C-150" Q).

Ti/Al/Ni/Au Ni/Au Ti/Al/Ni/Au
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DC Oft-State Stress
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« HEMTs with 0.14 um gate length step stressed
from -10 V to -42 V at -1V/min. V= 5V.

Verr =

21V

C.-Y. Chang, et al., Journal of Vacuum Science & Technology B, vol. 28, pp. 1044-1047, 2010.
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EL & PL
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10 /\ —=m=r e PL shows non-radiative trap

— formation increases after stress.

6000

counts

* EL indicates failure may be
localized along gate length.

4000

2000

350 360 370 380 390 400
wavelength (nm)

8000
7000 |
6000 |

5000

S 4000

8
3000 |
2000 |
1000 /|

0 // i \\'\“—‘~, ‘\) \a
350 360 370 380 390 4007 \
Yoy

wavelength (nm) Ing A 215 Century Approach to Reliability 7 > ~ <




Overview

B. Temperature Dependent Off-State Stress
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Temperature Dependence V g,
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Temperature Dependence V -, (2)
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Temperature Dependence V -, (3)
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« Critical voltage decreases with increasing temperature.

e Linear dependence observed.
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Temperature Dependence Vg, (4)

* (Gate leakage current similar, independent of
critical voltage.

* Current similar at and immediately after V
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Temperature Dependence V -, (5)
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Overview

C. Gate and Drain Lag
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Gate & Drain Lag
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Gate & Drain Lag (2)

* @Gate and drain lag

50

increases substantially _ i
®  Fresh Device- Gate Lag
after StreSS. i A Fresh Device- Drain Lag
$ 30 "
* As stress temperature < N
: - : C I
increases, gate and drain 3 I s
. c 204
lag decreases (non-linear). £ I
10 - 4 TAN A
. A
* Trap formation changes 1 a
with stress temperature. B S S S S S A S

Stress Temperature (°C)

UF [FLORIDA N

- 3
The Foundation for The Gator Nation LnL’,lIlLU'IIL, A 21% Century Approach to Reliability 16 %,%,./




Gate & Drain Lag (3)

* Step-like increase in I
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Overview

III. RF Stress Results
A. Drain Bias Dependence
B. Photoemission
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Stress Conditions (RF)
« Stressed at AFRL on AccelRF system

e 0.125 um gate length, 10 GHz stress at 3 dB and
3.7 dB compression point

Class AB condition, I, =200mA/mm

Baseplate temperature from 30 — 120° C
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RF Stress — Drain Bias
* Devices stressed at Vo = 10, 20, 25,30V

* Vg =30 V resulted in catastrophic failure

* Up to 350 hours RF stress

* Temperature = 30C
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E. A. Douglas, et al., submitted to Applied Physics Letters
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RF Stress — Drain Bias (2)
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RF Stress — Drain Bias (3)

» (Qate leakage current increases several orders of
magnitude.

* Schottky barrier height decreases from 673 mV to
602 mV 1E-3 : 1E-3

* Schottky contact likely ™} . Tih
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Photoemission

Photo emission Thermal emission

Is ~ 30 mA Max Temp ~75 C
with baseplate at 70C
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Photoemission (2)
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Photoemission (3)
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Conclusion

« Off-state stress results 1n increase of non-radiative trap
formation

* Negative temperature dependence with V,, E,= 38 meV.

« Exhibited similar gate leakage current before and after
Vrp» Independent of critical voltage and stress
temperature.

—>  Current driven degradation mechanism

* Gate and drain lag decreases as stress temperature
increased, indicating trap formation changes with stress
temperature.

* REF stress shows threshold drain bias. Similar to V.

» Schottky contact likely reason for degradation
E,=045¢eV
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